Abstract Non-adherence to adjuvant endocrine therapy (ET) for breast cancer (BC) is common. Our goal was to determine the associations between psychosocial factors and ET non-persistence. We recruited women with BC receiving care in an integrated healthcare system between 2006 and 2010. Using a subset of patients treated with ET, we investigated factors related to ET non-persistence (discontinuation) based on pharmacy records (C90 days gap). Serial interviews were conducted at baseline and every 6 months. The Functional Assessment of Cancer Therapy (FACT), Medical Outcomes Survey, Treatment Satisfaction Questionnaire (TSQM), Impact of Events Scale (IES), Interpersonal Processes of Care measure, and Decision-making beliefs and concerns were measured. Multivariate models assessed factors associated with nonpersistence. Of the 523 women in our final cohort who initiated ET and had a subsequent evaluation, 94 (18 %) were non-persistent over a 2-year follow-up. The cohort was primarily white (74.4 %), stage 1 (60.6 %), and on an aromatase inhibitor (68.1 %). Women in the highest income category had a lower odds of being non-persistent (OR 0.43, 95 % CI 0.23-0.81). Quality of life and attitudes toward ET at baseline were associated with non-persistence. At follow-up, the FACT, TSQM, and IES were associated with non-persistence (p \ 0.001). Most women continued ET. Women who reported a better attitude toward ET, better quality of life, and more treatment satisfaction, were less likely to be non-persistent and those who reported intrusive/avoidant thoughts were more likely to be non-persistent. Interventions to enhance the psychosocial well-being of patients should be evaluated to increase adherence.
Background
Adjuvant endocrine therapy (ET) is the standard of care for all women with hormone receptor positive breast cancer [1] . Endocrine therapy reduces the rates of mortality, local recurrence, and new primary breast cancers [2] [3] [4] [5] [6] [7] [8] . Studies suggest that patients may benefit from 10 years as opposed to 5 years of therapy [9, 10] . Despite these benefits, substantial variations occur in women's use of these therapies [11] [12] [13] . Some patients fail to initiate recommended therapy [12] , delay initiation [14] , or discontinue therapy early [11, 15, 16] . Any deviation from recommended adjuvant therapy may reduce its survival benefit [17] . Understanding the factors associated with treatment, non-persistence and discontinuation may help us to develop interventions to improve adherence to endocrine therapy [18] .
Our group and others have studied the demographic, clinical, and financial factors associated with discontinuation of ET [11, 16, 19, 20] . However, many of these studies relied on large administrative databases that are often required to measure adherence. In addition, most of the prior studies on this topic did not include patient-reported outcome measures, or information about psychosocial factors and patient preferences.
The Breast Cancer Quality of Care Study (BQUAL) is a prospective cohort study of factors associated with suboptimal use of adjuvant chemotherapy and ET in women with early-stage breast cancer. We have previously shown that the perception of poor physician-patient communication, negative beliefs regarding efficacy of the medication, and fear of toxicities are associated with failure to initiate hormone therapy [12] . We now present data on the associations of demographic and clinical factors, psychosocial factors, quality of life, and patient treatment satisfaction with the risk of ET non-persistence among women who had initiated it.
Methods
Details of the BQUAL study have been described elsewhere [21] . Briefly, between 2006 and 2010, women[20 years of age with newly diagnosed, histologically confirmed, primary breast cancer, stages I-III, were recruited from three sites [Columbia University Medical Center and Mount Sinai School of Medicine (CUMC/MSSM) in New York City, Kaiser-Permanente of Northern California (KPNC), and Henry Ford Health System (HFHS)]. Complete pharmacy records were only available from KPNC, and therefore the current study is limited to patients enrolled at that site. All interviews were conducted over the telephone. Women who were non-English speaking, had less than 100 days of follow-up, had a prior history of cancer, or had no access to a telephone were excluded.
All participants were enrolled within 12 weeks of diagnosis. Baseline interviews were completed at or shortly after diagnosis. For women on hormone therapy, follow-up interviews were conducted every 6 months for the first 2 years, and annually thereafter until conclusion of the study.
For this analysis, we included patients who were confirmed to have hormone receptor positive disease on pathology report, who had at least two prescriptions for ET in the electronic pharmacy database, and who completed a baseline interview (n = 605). We excluded women with Stage IV breast cancer (n = 2), women who recurred/disenrolled/died within 2 years (n = 23), those who took their first and last ET prior to the baseline interview (n = 23), and subjects who had no interview after initiation of ET (n = 18). To ensure uniformity with timing, the patientreported measures were analyzed from the first questionnaire administered after ET initiation.
The primary outcome measure was ET non-persistence based on electronic pharmacy records obtained through the first 24 months after initiation. Non-persistence was defined as a C90-day gap following the date of anticipated completion of any ET prescription (date of prescription ? days of pills prescribed ? 90 days). We also evaluated the number of women who re-started hormonal therapy after a gap. Follow-up time was stopped at the time of recurrence, however only four patients recurred, and only one was classified as non-persistent prior to recurrence.
Experienced research assistants conducted the interviews. The study was approved by the Institutional Review Boards of each site and the US Army Medical Research and Materiel Command (USAMRMC) Office of Research Protections (ORP) and Human Research Protection Office (HRPO). Written informed consent and HIPAA authorization were obtained from patients prior to study initiation.
Study variables
Demographic, tumor, and treatment measures From the baseline survey, self-reported information included sociodemographic characteristics (age, race/ethnicity, education, annual household income, employment, marital status). Tumor characteristics abstracted from the medical record included AJCC disease stage (I, II, III, or unknown), grade, nodal status, and tumor size. The Charlson Comorbidity Index [22] score was calculated from 12 months before to 3 months after diagnosis.
Quality of life was assessed at baseline and follow-up with the Functional Assessment of Cancer Therapy: General (FACT-G), which is composed of subscales assessing Physical Well-Being, Social/Family Well-Being, Emotional Well-Being, and Functional Well-Being, along with the breast cancer subscale (FACT-B) [23] . The item response range is 0 (not at all) to 4 (very much).
Decision-making difficulty, preferences, and considerations were assessed at baseline. The perceived level of difficulty in making the treatment decision was assessed using a 5-point Likert scale ranging from 1 = extremely difficult to 5 = very easy. [24] A measure of patientphysician communication quality was composed of 5 items and evaluated the extent to which the participant agreed (1 = very strongly disagree through 6 = very strongly agree) with statements regarding the sufficiency of information provided by the physician upon which to base a treatment decision; whether the benefits and risks of HT were explained adequately; if the doctor solicited the patient's opinion regarding treatment; and whether the physician believed the participant's comorbidities precluded adjuvant therapy. Decision-making considerations included physical considerations, the negative decisional balance, positive decisional balance, and concrete considerations [25] .
The Medical Outcomes Social Support Survey (MOS) [26] was assessed at baseline to evaluate various aspects of social support (emotional, tangible, affectionate, and positive social interactions). The item response range is 1-5 (from ''none of the time'' to ''all of the time'').
Treatment satisfaction was measured with the Treatment Satisfaction Questionnaire for Medication (TSQM) and assessed at follow-up [27] . The TSQM is a 14-item validated instrument (with items scored 0-100) to assess patients' satisfaction with medication, providing scores for 4 scales (side effects, effectiveness, convenience, and global satisfaction).
Patient breast cancer-specific distress was measured using the 15-item version of the Impact of Events Scale (IES) and assessed at follow-up, which queries intrusive and avoidant thoughts about a distressing event (breast cancer) over the past 7 days. Each item has a scoring range of 0-5 [28, 29] . We also evaluated this outcome based on a total score of [24 or not based on prior studies evaluating post-traumatic stress disorder with this cut-off [30] .
Patient's preferred treatment decision-making roles were assessed at follow-up using a modified version of the Interpersonal Processes of Care measures (IPC) short form [31] . The survey assesses several subdomains of communication, patient-centered decision making, and interpersonal style. The item score range is 1-5.
Endocrine symptoms (hot flashes and vaginal itching, bleeding, dryness, and discharge) were assessed with a modified version of the Memorial symptoms questionnaire [32] .
Data analysis
We compared the characteristics of patients who were nonpersistence to ET with those who were not using Chi-square tests. We conducted multivariate logistic regression analyses of the relationships between demographic and clinical characteristics and ET non-persistence to determine covariates for the final model. Based on these results, we developed a series of multivariate logistic regression models of the associations between each of the psychosocial assessments and non-persistence, controlling for age and income. A stepwise logistic regression including all of the covariates was performed. An exploratory analysis looking at each question was performed to determine what factors were driving the observed associations. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
Results
We identified 601 patients with HR-positive breast cancer who met our initial inclusion criteria. Of these, 523 initiated therapy and had a baseline and subsequent interview. The cohort was primarily white (74.4 %), stage 1 (60.6 %), and on an aromatase inhibitor (68.1 %) ( Table 1) . Of those patients, 94 (18 %) were non-persistent. If the 18 patients were included that discontinued prior to the first interview, the total non-persistence rate was 20.7 %. The median time from diagnosis to the first assessment was 204 days; this did not differ between the groups. The median follow-up time of the cohort following ET initiation was 730 days, with a mean of 658 days (range 60-730). Of the patients who were non-persistent, the median was 320 days with a mean of 329 days (range 60-638). If non-persistence was categorized as a 45-day gap, 169 (32.3 %) patients were non-persistent and 124 (73.4 %) re-started ET.
Of the 94 patients who were non-persistent with ET, 48 (41 %) re-started it at some point. The median time to restarting ET was 152 days. Baseline characteristics were the same in those who re-started therapy compared to those who did not (data not shown). Compared to women in the lowest household income group (\$50,000), women who had a household income of [$90,000 were half as likely to interrupt their ET (OR 0.47, 95 % CI 0.26-0.85). No association with ET non-persistence was observed for other baseline characteristics, type of hormone therapy (aromatase inhibitor vs. tamoxifen), or receipt of chemotherapy. In a multivariate analysis of clinical and demographic factors, only household income remained associated with ET non-persistence (OR 0.43, 95 % CI 0.23-0.81) ( Table 1 ). Covariates for the multivariate psychosocial variable models included age and variables that were significant at p \ 0.05 in the univariate analysis. Of the 94 patients who were non-persistent, 38 (40 %) reported a reason, and of these, 33 % reported that the non-persistence was due to side effects. ET symptoms, were not associated with non-persistence ( Table 2) . At baseline, low scores on global and the BC subscale of the FACT were associated with non-persistence. In a multivariate analysis controlling for income and age, non-persistence was associated with overall quality of life (OR 0.98, 95 % CI 0.89-0.98). In addition, patients with more positive attitudes about ET were less likely to be non-persistent (OR 0.51, 95 % CI 0.32-0.81). Physical and concrete decision-making concerns were associated with non-persistence, but decision-making preferences and decision-making difficulty were not. Social support total and subscale scores were not associated with subsequent ET non-persistence (Table 2 ; Fig. 1 ). At follow-up (first assessment after ET initiation), in a multivariate analysis controlling for income and age, nonpersistence was associated with overall quality of life (OR 0.97, 95 % CI 0.95-0.99), as well as with each of the general subscales (physical, social, emotional, and functional) and the breast cancer concerns subscale (Table 3 ; Fig. 2 ). In addition, lower scores on global treatment satisfaction were also associated with subsequent non-persistence (OR 0.99, 95 % CI 0.99-1.00). Interpersonal processes of care (i.e., patient-physician communication) were not associated with non-persistence.
Higher scores on the impact of events questionnaire were also associated with ET non-persistence (Table 3 ; Fig. 2 ). In the multivariate analysis, intrusive thoughts (OR 1.04, 95 % CI 1.01-1.07), avoidance (OR 1.03, 95 % CI 1.01-1.06), and the summary score (OR 1.02, 95 % CI 1.01-1.04) were each associated with ET non-persistence. We also found that patients with a score [24 had a higher odds of non-persistence (OR 1.92, 95 % CI 1.14-3.23) compared to those with scores B24.
In a stepwise multivariate analysis that included the global scores of each of the measures, income and age, only income and the Impact of Events Scale (OR 0.98, 95 % CI 0.97-0.99) remained statistically significantly associated with non-persistence.
Discussion
Despite the survival benefits of adjuvant hormonal therapy, we found that 18 % of breast cancer patients in our study who initiated adjuvant ET were non-persistent during the first 2 years of therapy. Women who reported better quality of life, a better attitude toward ET, and greater treatment satisfaction were less likely to interrupt their ET use. Women who reported increased distress, as measured by both increased intrusive and increased avoidant thoughts about breast cancer, were more likely to have non-persistence in ET. Global scores on social support measures, decision-making difficulty, and perceived quality of Table 3 Mean scores on follow-up questionnaires, with multivariate analysis of differences in response between those who continued endocrine therapy and those who were non-persistent communication were not independently associated with risk of ET non-persistence. We were not surprised to see the association between lower quality of life scores at baseline and follow-up and ET non-persistence. For women with breast cancer, quality of life is known to be associated with age, stage at diagnosis, and social support [33] . In a prior retrospective study, many women attributed their early discontinuation of ET to adverse effects and decreased quality of life [34] . We did not see an association between some common ET symptoms and non-persistence; however, the subset of patients who reported reasons for discontinuation commonly reported that it was due to side effects. Symptoms prior to initiation of therapy and during therapy may contribute to poor quality of life. An association between the number of symptoms experienced prior to, or after, treatment initiation and subsequent non-adherence has been previously reported [16, 35] . These results suggest that efforts to improve quality of life may be a productive avenue for improving adherence to hormone therapy.
In our study, high levels of breast cancer-specific emotional distress were associated with subsequent non-persistence in ET. We have previously shown that nearly 25 % of patients report levels of breast cancer-specific distress high enough to be consistent with PTSD shortly after diagnosis, and that the risk for PTSD symptoms was higher among black and Asian women than among white women [30] . In a retrospective analysis using electronic billing claims, nonadherence to hormone therapy was lower among patients with a history of claims for psychotherapy consultations or therapeutic support consultations than among women without such a history [36] . Although ET interruption was not associated with overall baseline social support, it was associated with specific questions on the scale dealing with understanding and sharing worries and problems. Early identification of emotional distress and therapeutic interventions to improve psychological well-being should be evaluated to improve the quality of breast cancer care.
Unlike prior studies that showed that improved patientphysician communication may enhance medication adherence [37, 38] , our study did not find an association between ET non-persistence and any of the domains of interpersonal processes of care. A study by Liu et al. [39] reported that low-income breast cancer survivors with higher scores on ''patient-centered'' communication and greater self-efficacy scores on patient-physician communication at 18 months were more likely to continue to be on hormonal therapy at 36 months than patients with poorer scores.
Cancer treatment decisions confront both providers and patients with complex issues and challenges. These challenges are particularly pointed for women confronting the long-term adherence required for optimal curative treatment of breast cancer with ET. It has been suggested that patients mentally conduct a cost-benefit analysis; those who perceive a higher necessity for their medication have higher adherence, while those with more concerns are less adherent [40, 41] . Women in our study who had a positive attitude toward ET were significantly less likely to be nonpersistent. Consistent with that view, adherence to ET has been reported to be associated with belief in the efficacy of the medication [42, 43] and with belief in the benefits of taking prescribed medications more generally [40, [44] [45] [46] . We found that higher satisfaction with treatment was associated with decreased risk of subsequent ET non-persistence. Specifically, we found that increased confidence about efficacy and belief that the good things outweighed the bad, were associated with decreased risk of nonpersistence.
As we found in a prior analysis [19] , women in the highest income bracket were significantly more likely to be adherent than women in the lowest income group. Lowincome groups have traditionally been found to be vulnerable with regard to quality of health care, but we were surprised that income had such a strong association with non-persistence among patients who were part of an integrated healthcare system that minimized financial barriers to oral therapy. Income may be an inadequate proxy for overall financial resources, especially among the elderly, for whom net worth appears to be a more accurate predictor of the use of healthcare services [47] . In a previous study, we found that low net worth was associated with hormone therapy discontinuation, and partially explained the association between black race and non-compliance [20] .
A study strength was that subjects were recruited prospectively at the time of breast cancer diagnosis or shortly thereafter; thus, the data were collected prior to the interruption of ET. In addition, our estimates of ET interruption were determined from electronic pharmacy records, which may have been more valid and less biased than selfreport, which was utilized in most other studies. In the present study, we did not find associations between noninitiation of ET and several sociodemographic factors that previously were reported to influence compliance [15, 43, 48] . It is possible that there was insufficient statistical power due to modest sample sizes for some analyses. That concern notwithstanding, our study is one of the larger prospective studies to examine the association between patients' perceptions and ET non-persistence.
This study had some important limitations. Because the patients were enrolled in an integrated healthcare plan, we could not explore issues related to access, which may limit the generalizability of the findings. We were also not able to assess the reasons for discontinuation among the 2 % of patients who discontinued prior to their first evaluation. It is possible that some patients may have filled their ET prescriptions outside of KPNC, but such behavior is known to be infrequent [48] . We only included patients who were English speaking and had access to a telephone and the majority of the patients were white, which may have implications for the generalizability of our results. Reassuringly, half of the patients who had ET non-persistence re-started treatment at some subsequent point during follow-up, however we do not know the reasons why they restarted. Finally, we performed multiple analyses; therefore, it is possible that some of the significant results, especially the exploratory analyses, were due to chance.
In conclusion, in this prospective cohort study of women with early-stage breast cancer, we found that the majority of women continued their hormone therapy, however patients under greater emotional duress, those who do not have positive attitudes about ET and those with lower quality of life appeared to be at the highest risk of discontinuing. A better understanding of modifiable psychological factors that can result in early discontinuation may inform targeted educational interventions to improve adherence.
